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[57] ABSTRACT

A ceramic heater comprising a supporting member
made of an electrically insulating ceramic and a heater
element made of a ceramic having excellent oxidization
resistance, thermal shock resistance and high bending
strength at a high temperature is disclosed. The heater
element is formed by sintering a mixture composed of
MoSiz and 10 to 70 mol % of SisNj. By adding 3 to 10
mol % of at least one material selected from the group
consisting of Al,03, a mixture of Al,O3 and MgO and
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1
CERAMIC HEATER

BACKGROUND OF THE INVENTION

The present invention relates to a ceramic heater
employed as a glow plug in a diesel engine or the like,
especially to a ceramic heater provided with a heater
element having excellent oxidization resistance and
thermal shock resistance, and high bending strength at a
high temperature.

Conventionally, the heater element has been made of
heat resistant alloy such as nickel-chrome alloy, iron-
chrome-aluminum alloy or ceramic such as silicon car-
bide or molybdenum silicide.

However, the heater element made of the above de-
scribed heat resistant alloy has a problem to be oxidized
or melt at a temperature above 1100° C.

The heater element made of silicon carbide can be
used at a temperature under 1600° C. but the specific
resistance thereof is too high for making the heater
element small.

The heater element made of molybdenum silicide is
superior in oxidization resistance but inferior in bending
strength at a high temperature and thermal shock resis-
tance. ‘

Therefore, the heater element made of the above
described material cannot be used in an atmosphere of
which temperature drastically changes in a high tem-
perature range.

The heater, for example a glow plug which is used for
preheating an air-fuel mixture at a starting time of a
diesel engine, is especially required to exhibit a rapidly
heating property that is to generate heat immediately
upon receiving an electric current in order to improve
the startability of an engine.

Most of the conventional glow plugs for diesel en-
gines are of sheath type. In the glow plug of this type,
a heating wire such as nickel-chromium alloy is wound
like a coil and is disposed within a bottomed outer cas-
ing made of thermal corrosion resistant ally such as
stainless steel, or inconel. Within the outer casing, an
insulating material such as magnesium oxide is charged
s0 as to surround the coil shaped heating wire.

In this glow plug, the heat of the heating wire is
transmitted to the outer casing through the insulating
material so that it takes a time to heat the surface of the
outer casing enough to ignite the air-fuel mixture of a
diesel engine. Therefore, the glow plug of this type is
short of a rapidly heating property so that speedy starta-
bility of a diesel engine cannot be obtained.

In order to overcome this problem, it has been pro-
posed to dispose a heater element made of heat resistant
metal such as tungsten, nickel, platinum or molybdenum
on an outer surface of the glow plug.

The glow plug of this type exhibits a rapidly heating
property but various properties are lowered at about
1000° C. due to the oxidization except for that compris-
ing the heater element made of platinum.

Therefore, the glow plug of this type is not practical.

And platinum is too expensive to be applied to the
mass production.

Furthermore, when the heater element is formed of a
sintered body of ceramic such as silicon carbide or
molybdenum silicide, the sintering operation has been
conventionally performed under pressure by means of a
hot press or hot isostatic press. Therefore, convention-
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2

ally, it is difficult to produce a heater element made of
a ceramic sintered body having a complex shape.

From the above circumstances, it has been required
to produce a heater element made of a ceramic sintered
body which has excellent oxidization resistance, and
thermal shock resistance and high bending strength at a
high temperature by atmospheric sintering (pressureless
sintering).

SUMMARY OF THE INVENTION

Accordingly, one object of the present invention is to
provide a ceramic heater comprising a heater element
made of a ceramic sintered body, which has excellent
oxidization resistance and thermal shock resistance and
high bending strength at a high temperature.

Another object of the present invention is to provide
a ceramic heater comprising a heater element made of a
ceramic sintered body which is disposed on an outer
surface thereof and has an excellent rapidly heating
property.

Siill another object of the present invention is to
provide a ceramic heater comprising a heater element
made of a ceramic sintered body which has excellent
oxidization resistance, thermal shock resistance and
high bending strength at a high temperature and can be
obtained by atmospheric sintering.

The ceramic heater of the present invention com-
prises a supporting member made of an electrically
insulating ceramic and a heater element made of a ce-
ramic having excellent oxidization resistance, thermal
shock resistance and high bending strength at a high
temperature. The heater element is formed by sintering
a mixture composed of 90 to 30 mol% of MoSi; and 10
to 70 mol% of Si3Ng in a non-oxidized atmosphere.

Furthermore, by adding 3 to 10 mol% of at least one
material selected from the group consisting of Al>O3, a
mixture of Al;03 and MgO and MgAl;O4 to the above
mixture, a heater element having a sufficient sintering
degree can be obtained even by atmospheric sintering.

The heater element of the present invention is supe-
rior in thermal shock resistance and oxidization resis-
tance and has a high bending strength at a high tempera-
ture. Therefore, the heater element of the present inven-
tion can be disposed on an outer surface of the support-
ing member with excellent durability so that the ce-
ramic heater having an excellent rapidly heating prop-
erty can be obtained.

DESCRIPTION OF THE DRAWINGS

FIG. 1is a graph showing sintering degree of several
samples;

FIG. 2 is a view illustrating the construction of a first
embodiment of the ceramic heater according to the
present invention;

FIG. 3 is a longitudinal sectional view of a glow plug
wherein the ceramic heater of the first embodiment is
used;

FIG. 4 is a longitudinal sectional view of a second
embodiment of the ceramic heater according to the
present invention;

FIG. 5 is a front view of a third embodiment of the
ceramic heater according to the present invention;

FIG. 6 is a cross sectional view taken along the line
VI—VI of FIG. §; and

FIG. 7 is a longitudinal sectional view of a fourth
embodiment of the ceramic heater according to the
present invention.
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DESCRIPTION OF THE EMBODIMENTS

The present inventors have made an oxidization resis-
tance test on various high melting temperature materials

for use as a heater element. In this test, various kinds of 5

material powder were sintered by hot pressing to the
density of not less than 90% of theoretical density and
cut into a predetermined shape and size, respectively.
The obtained samples were maintained within an elec-

tric furnace which is kept at 1000° C., for 15 hours. 10

Then, the samples were washed by acetone and the
weight change of each sample was examined. The result
of the oxidization resistance test is shown in Table 1.

4

required to exhibit a rapidly heating property at an
engine starting time.

As described above, MoSi; has advantages of excel-
lent oxidization resistance, low specific resistance and
large temperature coefficient of resistance.

However, the bending strength at a high temperature
of MoSi; is low and the coefficient of thermal expansion
thereof is as large as 7.7 10—%° C.~! so that thermal
shock resistance of MoSi; is inferior.

The present inventors have overcome the above de-
scribed problem by mixing Si3Ng with MoSi».

The weight change, bending strength at a high tem-
perature, coefficient of thermal expansion and initial

TABLE 1
Material SiC TiC ZrBy MoB; ZrSip MoSiy Ni—Cr
Weight 20 x 10—3 5.75 0.56 —10.8 344 4.1 x 10—2 091
change (%)
Initial 200 23 x 1074 1.5 x 107* 30 x 104 42 x 105 2.8 x 10=* 32 x 10—
specific
resistance
Q- cm)
Temperature 0.26 1.8 23 — 1.30 6.38 0.1

coefficient of
resistance
(deg—!, 10%)

In Table 1, the initial specific resistance and the tem-
perature coefficient of resistance of each sample are also
shown. In this test, nickel-chromium alloy on the mar-
ket was used as Ni-Cr material.

As is apparent from Table 1, SiC and MoSi; exhibited
excellent oxidization resistance while the other material
were considerably oxidized.

However, the initial specific resistance of SiC was

very high. Therefore, the heater element made of SiC 35

becomes too large to be used practically.
In table 1, the weight change of MoB; was on the

minus side. This fact seems that the oxidized portion of

specific resistance of various kinds of mixture of MoSi;
and Si3N4 were shown in Table 2.
The test conditions are as follows:

30 Oxidization resistance test: 1000° C.X 15 hr in the air.

Bending strength at a high temperature:

The load applied when each sample of 40X 3 X4 mm is
broken or deformed upon the three points bending
test at a load speed of 0.5 mm/min. at 1300° C. in the
air
Coefficient of thermal expansion:

Average coefficient of thermal expansion in the temper-
ature range from the room temperature to 800° C.

TABLE 2

Composition
Ratio MoSi; 100 90 80 70 60 50 40 30 20 10 0
(mol %) Si3Ng 0 10 20 30 40 50 60 70 80 90 100

Oxidization resistance  0.03 0.04 0.03 0.04 0.04 0.04 0.03 0.05 0.04 0.04 0.05
test

Weight change (%)

Bending strength 5 10 13 15 19 27 29 36 42 51 60

at a high temperature

(Kg/cmz)

Coefficient of 77X 11X 63X 57X 50X 44X 39x 35x 32x 30x 28%
thermzl:l expansion 10-¢ 10-¢ 10-¢ 10-% 10-¢ 10-% 10-% 10-% 10-¢ 106 10-6
cc.—h

Initial specific 28X l4x 35X 15x 40X 12x 40x 20 38 42X
resistance (Q-cm) 10-¢ 103 10-3 10-2 102 10! 10! 103

MoB; was peeled off during the washing operation by
acetone. 55
From the above test, it has been clarified that MoSi;

is a suitable material for a heater element in oxidization
resistance and specific resistance. increased as the mixing ratio of Si3Nj increased while
Furthermore, the temperature coefficient of rests- the coefficient of thermal expansion decreased as the
tance of MoSi is especially large as compared with that 60 mixing ratio of Si3N4 increased. However, when the
of the other material. mixing ratio of Si3Ns exceeds 70 mol%, the specific

As is apparent from Table 2, the weight Change due
to oxidization was scarcely absorbed in any sample.
The bending strength at a high temperature rapidly

The heater element made of MoSi; generates heat
immediately upon receiving an electric current, and as
the temperature of the heater element rises, the resis-

tance thereof increases to prevent the electric current 65

from excessively increasing.
Therefore, the heater comprising a heater element
made of MoSi; is suitable to the glow plug which is

resistance increases too large to be used as the material
of the heater element.

By mixing only a small amount of Si3N4 with MoSi;,
the bending strength of the obtained sintered body can
be made high while the coefficient of thermal expansion
thereof can be made small, as compared with the sin-
tered body of Si3N4 only.
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Preferably, not less than 10% of Si3zN4 should be
mixed with MoSij.

As described above, by mixing 10 to 70 mol% of
Si3Ng with MoSi; and sintering the mixture, the heater
element having excellent oxidization resistance and
thermal shock resistance and high bending strength at a
high temperature can be obtained.

Conventionally, the sintering operation has been per-
formed under pressure by means of the hot press, hot
isostatic press or the like.

By this sintering method, a sintered body having high
sintering degree can be obtained but it is difficult to
form a sintered body having a complex shape.

When the ceramic material is sintered under atmo-
spheric pressure, the sintered body having a complex
shape can be easily formed but the sintering degree
thereof is low.

The present inventors have examined on the sintering
degree of the sintered body formed by atmospheric
sintering the mixture of MoSi; and Si3N4. As a result,
the sintering degree was as low as 70% or so.

The present inventors have further examined and
studied on the sintering operation and confirmed that by
mixing at least one of Al;O3, a mixture of Al;03 and
MgO and MgALOs with the mixture of MoSi; and
Si3Ng, high sintering degree can be obtained even by
atmospheric sintering.

FIG. 1 shows a result of the inventor’s examination.

Samples a to d were obtained by atmospheric sinter-
ing and e to h were obtained by hot pressing.

Each of Samples a and d was made of 50 mol% of
MoSi; and 50 mol% of Si3Ng, b and f were made of 45
mol% of MoSi,, 50 mol% of SizN4 and 5 mol% of
Al>O3, respectively, ¢ and g were made of 45 mol% of
MoSiy, 50 mol% of Si3N4 and 5 mol% of the mixture of
MgO and Al;O3, respectively, and d and h were made
of 45 mol% of MoSia, 50 mol% of SisN4and 5 mol% of
MgAlLOq, respectively.

The sintering operation for a to d was performed in
an atmosphere of nitrogen under one atmospheric pres-
sure at 1600° C. for 2 hours while that for e to h was
performed under pressure of 150 Kg/cm?at 1600° C. for
1 hour.

As is apparent from FIG. 1, Samples b to d exhibited
remarkably excellent sintering degree nearly equal to
that of Sample e, as compared with that of Sample a.

And Samples f to h exhibited more excellent sintering
degree as compared with that of Sample e.

From the above experimental result, it has been clari-
fied that by mixing only a small amount of at least one
material out of Al,O3, the mixture of Al;03 and MgO
and MgAl,O4, with the mixture of MoSi; and Si3Ng, the
sintering degree of the sintered body can be made high
even by atmospheric sintering.

Table 3 shows the weight change of the sintered
bodies made of the mixture of MoSi, SizN4and MgAl-
204 due to oxidization. And bending strength at a high
temperature is also shown.

TABLE 3
Composition MoSiy 30 70
ratio Si3Ng 65 25
(mol %) MgALO4 5 5
Weight change (%) 3.7 x 10-2 3.8 x 102
Bending strength 41 22

(Kg/mm?)
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As is apparent from Table 3, excellent oxidization
resistance and high bending strength at a high tempera-
ture can be obtained.

The upper limit of the above additive such as A>3,
the mixture of Al;03 and MgO, or MgAl;O4is 10%. If
the amount of the above additive exceeds 10%, the
bending strength at a high temperature is lowered.

Preferably, not less than 3% of the above additive
should be mixed with the mixture of MoSi; and Si3Ng.

FIG. 2 illustrates a first embodiment of a ceramic
heater according to the present invention.

In the first embodiment, the ceramic heater is com-
posed of heater elements 11, 115 each of which is made
of a ceramic sintered plate formed by sintering the mix-
ture composed of 10 to 70 mol% of SisN4 with the
remainder being MoSiy, supporting members 124, 125,
each of which is made of an electrically insulating ce-
ramic sintered plate such as a Si3Ny sintered plate or
AlyOssintered plate and metallic wires 13q, 135 made of
metal such as tungsten.

In each of the supporting members 12a, 125, a
stepped portion is formed so as to form a thick walled
portion in the base end thereof.

In the surface of the supporting member 125, a
groove 1215 is formed in the longitudinal direction.

The top end of each of the metallic wires 13a, 13b is
bent at a right angle to form a bent portion 131z or 1315.

When the ceramic heater 1 is assembled, the metallic
wires 13a, 13b are set within the groove 1215 of the
supporting member 126. Then, the supporting member
12a is laid on the supporting member 124. At this time,
the bent portions 1312, 131) of the metallic wires 13a,
13b are inserted into holes 122¢, 1225 each of which is
formed in a top end of each of the supporting members
12a, 12b so as to penetrate therethrough.

Next, the heater elements 11a, 115 are laid on the
stepped portions formed in the supporting members
124, 12b and sintered while applying pressure in the
thickness direction of the ceramic heater (hot pressing).

As a result, the heater element 11g, the supporting
members 12z, 126 and the heater element 115 are inte-
grally joined to one another.

Each of the metallic wires 134, 13b is electrically
connected to a positive electrode of a battery while the
outer surface of each of the heater elements 11a, 115 is
electrically connected to a negative electrode of the
battery.

In operation, an electric current flows to the top end
of each of the heater elements 11a, 115 through the
metallic wires 134, 135 so that the heater elements 11q,
115 generate heat.

According to the present embodiment, each of the
heater elements 11a, 115 is made of a sintered body of a
mixture of 10 to 70 mol% of SizN4 with the remainder
being MoSi;. Therefore, excellent oxidization resistance
and thermal shock resistance, and high bending strength
at a high temperature can be obtained.

Even after the heater element made of the above
described sintered body is directly exposed in an atmo-
sphere as high as 1300° C., high bending strength is not
lost and excellent oxidization resistance and thermal
shock resistance can be maintained for a long period.

Therefore, the ceramic heater of the first embodiment
can operate with durability especially where high band-
ing strength at a high temperature and a rapidly heating
property are required.
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FIG. 3 illustrates a glow plug for a diesel engine on
which the ceramic heater of the first embodiment is
mounted.

An attaching portion 2 comprises a metallic housing
21 to be mounted to an engine head, a positive terminal
23 which is inserted into the housing 21 and fixed
thereto through an insulating material 22. The base end
of the ceramic heater 1 is inserted into an open end of
the housing 21 and the heater elements 11aq, 115 are
fixed to the open end of the housing 21 through a metal-
lic cover 24. The heater elements 11g, 115 are grounded
through the metallic cover 24.

To the base end surface of each of the supporting
members 124, 125, a metallic cap 25 is joined so as to
contact with the metallic wires 13a, 135. The metallic
cap 25 is electrically connected to the positive terminal
23 through a stainless steel wire 26.

In operation, an electric current supplied from the
positive terminal 23, flows into the top end of each of
the heater elements 11a, 115 through the stainless steel
wire 26, the metallic cap 25, the metallic wires 134, 135
and the supporting members 12a, 12. Then, the electric
current flows into the housing 21 though the heater
elements 11g, 115 and the cover 24 and is grounded.

Assuming that the resistance of the heater elements
11a, 115 of the glow plug having the above described
structure is 0.1Q), and an electric voltage of 12 V is
applied to the heater elements 11a, 115, the time taken
for rising the temperature of the outer surface of the
heater elements 11a, 115 to 800° C. was measured. As a
result, the time as short as 1.4 second can be obtained.

Furthermore, the resistance change of the heater
elements 11a, 115 after a durability test, was measured.
This test was conducted by heating the outer surface of
the heater elements 11a 114 at 1000° C. and supplying
an electric current thereto for 200 hours. As a result of
the durability test, the resistance of the heater elements
114, 11 did not change at all. The oxidization resistance
was not lowered, too. '

FIG. 4 illustrates a second embodiment of the ce-
ramic heater according to the present invention.

A U-shaped heater element 11 is disposed in contact
with the outer surface of the rod-shaped supporting
member 12. Both ends of the heater element 11 are
electrically connected to a positive electrode and a
negative electrode of a battery through stainless steel
wires 26a, 26b, respectiely.

In operation, an electric current flows to the heater
element 11 through the stainless steel wire 26a and then
flows to the negative electrode through the stainless
wire 26b.

—
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In the fourth embodiment, the top end of the heater
element 11 is made thin. The other structure of the
fourth embodiment is substantially equal to that of the
first embodiment.

The heater elements and the supporting members of
the second to fourth embodiment are made of the mate-
rial equal to that of the first embodiment. The opera-
tional effect of each of the second to fourth embodiment
is substantially equal to that of the first embodiment.

In addition to the above embodiments, the heater
element 11 may be accomodated within a groove
formed in the supporting member 12 and the heater
element 11 may be spirally wound round the supporting
member 12.

The ceramic heaters of the second to fourth embodi-
ments can be applied to the glow plug of a diesel engine.
In addition, the ceramic heater of the present invention
can be applied to various uses, for example, a fuel igni-
tion heater which is used in a heating apparatus or the
like.

In the preceding embodiments, the heater element is
formed of a sintered body of a mixture composed of 10
to 70 mol % of SizN4 with the remainder being MoSi;.
Instead, the heater element can be formed by sintering
the mixture composed of the above mixture and 3 to 10
mol% of at least one material selected from the group
consisting of Al;O3, a mixture of Al,O3 and MgO and
MgAl;O4. In this case, excellent oxidization resistance,
and thermal shock resistance and high bending strength

at a high temperature can be obtained and in addition,
remarkably high sintering degree can be obtained.

By adding the above described additive, sufficiently
high sintering degree can be obtained even by atmo-
spheric sintering. Therefore, the heater element having
a complex shape which cannot be produced by hot
pressing, can be easily produced at a low cost.

Furthermore, in the preceding embodiments, a sin-
tered plate made of Si3N4 or Al;O3 was used as the
supporting member of the ceramic heater. Instead, a
sintered plate made of the mixture of Si3sNg4 and Al,O3
can be also used. In this case, by changing the mixing
ratio of SizNg4 within the above mixture in accordance
with the mixing ratio of Si3N4 within the material for
the heater element, the coefficient of thermal expansion
of the supporting member can be made substantially
equal to that of the heater element so that the heater
element can be joined to the supporting member with-
out generating cracks.

Table 4 shows the coefficient of thermal expansion of
the sintered bodies made of the mixture of Al;O3 and
Si3Ng.

TABLE 4
Compo-
sition
ratio AlO3 100 90 80 70 60 50 40 30 20 10 0
(mol %)  Si3Ng 0 10 20 30 40 50 60 70 80 90 100
Coefficient of 77X TOX 62X 52X 48x 43X 38X 36X 33x 31X 28X
thermal expansion 10~¢  10—% 10-6 10-6 10-¢ 10-¢ 10-6 10-6 10-¢ 10~6 10-6

¢c.—h

FIGS. 5§ and 6 illustrate a third embodiment of the
ceramic heater according to the present invention.

A cylindrical heater element 11 having a U-shaped
cross section covers the outer peripheral portion of a
rod-shaped supporting member 12.

FIG. 7 illustrates a fourth embodiment of the ceramic
heater according to the present invention.

65

As is apparent from Table 4, the coefficient of ther-
mal expansion is decreased as the composition ratio of
Si3Ny is increased.

The coefficient of thermal expansion of the heater
element which is made of the mixture containing 10 to
70 mol% of Si3Ny is ranged from 3.5 10— C.—1 to
7.1X10-6° C.—! as shown in Table 2.
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In order to make the coefficient of thermal expansion
of the supporting member equal to the above range, the
proper composition ratio of Si3Ns in the supporting
member is selected from the range of 10 to 70 mol% as
shown in Table 4.

For example, when the heater element is made of the
mixture composed of 70 mol% of MoSi; and 30 mol%
of Si3Ny, the coefficient of thermal expansion thereof is
5.7 10—6, In this case, the proper composition ratio of
the mixture for forming the supporting member is about
75 mol% of Al;O3 and about 25 mol% of Si3Ns.

As described above, in the ceramic heater of the
present invention, the heater element is formed of a
sintered body of a mixture composed of 10 to 70 mol%
of Si3N4 with the remainder being MoSi;. Therefore,
the obtained heater element exhibits excellent oxidiza-
tion resistance and thermal shock resistance and high
bending strength at a high temperature.

The heater element having the above properties can
be disposed on an outer surface of the ceramic heater
without using an outer casing. Therefore, the obtained
ceramic heater is superior in a rapidly heating property
and the size of the ceramic heater can be made small.

Furthermore, since large temperature coefficient of
resistance can be maintained, the obtained ceramic
heater can be effectively used as a glow plug for a diesel
engine, for example.

By adding at least one material selected from the
group consisting of Al,03, a mixture of Al;03and MgO
and MgAl;04 to the mixture of MoSi; and SisN4 and
sintering the above material, the sintering degree of the
obtained heater element can be increased. In this case,
even by atmospheric sintering, sufficiently high sinter-
ing degree can be obtained so that the heater element
having a complex shape can be formed at a low cost.

What is claimed is:

1. A ceramic heater comprising:

a supporting member made of an insulating ceramic;

a heater element made of an electrically conductive

ceramic which is supported by said supporting
member, said heater element comprising a pair of
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elements which are separately disposed on the
outer surface of said supporting member; and

an electric current supply means for supplying an
electric current to said heater element, said electric
current supplying means comprising a pair of me-
tallic wire elements which are embedded within
said supporting member, and one end of each said
metallic wire elements is connected to each of said
heater elements while the other end thereof is con-
nected to a battery outside supporting member;

said heater element being made of a non-oxidized
sintered body of a mixture including 90 to 30 mol
% of MoSi; and 10 to 70 mol % of Si3Nj.

2. A ceramic heater according to claim 1, wherein:

said heater element is supported on a surface of said
supporting member so as to contact with the atmo-
sphere to be heated.

3. A ceramic heater according to claim 1, wherein:

said supporting member is composed of a pair of
insulating ceramic plates which are integrally fixed
to each other with said metallic wire elements
sandwiched therebetween, by sintering;

each of said heater elements is made of an electrically
conductive ceramic plate and integrally fixed to an
outer surface of each of said insulating ceramic
plates by sintering; and

one end of each of said metallic wire elements pene-
trates each of said insulating ceramic plates in the
thickness direction thereof and is connected to
each of said heater elements.

4. A ceramic heater according to claim 1, wherein:

said mixture further includes 3 to 10 mol % of at least
one material selected from the group consisting of
Al>O3, a mixture of Al03 and MgO, and MgAl-
204.

5. A ceramic heater according to claim 1, wherein:

said supporting member is made of a sintered body of
the material selected from the group consisting of
Si3N4, Al;O3 and a mixture of 10 to 70 mol% of

Si3N4 with the remainder being Al,O3.
* % % Xk %



